The triplet state manifold in carotenoid molecules is even less understood. This is due in part to the fact that direct population of the triplet states of isolated carotenoids via singlet-triplet intersystem crossing is not very efficient. 8 ' 9 Only optical ash photolysis techniques applied to photosensitized carotenoid systems have succeeded in populating the triplet states of these molecules, 8 -10 and no electron paramagnetic resonafice (EPR) studies have been reported in the literature.
In the present work. we offer the first EPR observation of the triplet states of carotenoids. The systems that we have studied include S-carotene and numerous photosynthetic carotenoid pigments in vivo. In isolated pigment protein complexes from photosynthetic bacteria, photosensitization of the carotenoid triplet states by bacteriochlorophyll is accomplished.
Our motivation for this study stems from the possibility that we observed a carotenoid triplet state in green plant preparations previously, 11 and also from the abundance of literature on the optical detection of the .
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triplet states of carotenoids in photosynthetic preparat1ons.
Our choice of sample conditions closely parallels that of these optical experiments and is based on present knowledge about the structure and properties of the bacterial photosynthetic apparatus. At low temperatures the bacteriochlorophyll ·triplet yield is near unity.
At higher temperatures it is less. 17
The above scheme applies to the photosynthetic bacteria which are lacking carotenoid pigments. In the carotenoid containing systems the carotenoid triplet state is also involved in the sequence of back reactions proposed that an equilibrium triplet energy exchange occurs between the BCh1 2 and the carotenoid which can be illustrated as follows:
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The equilibrium has been suggested to shift towards the BCh1 2 at the low temperatures. We have tested these ideas by examining the effect of temperature and the state of reduction on the triplet state EPR spectra of carotenoid-containing and carotenoidless photosynthetic bacteria.
Experimental Section
Photosynthetic bacteria were grown as described previously and stored The triplet state spectrum of 6-carotene in detergent micelles at 160°K is given in Figure 6 . Its polarization pattern is eae aea and its zero-field splitting parameters are IDI = 0.0333 ~ 0.0010 and lEI = 0.0037 + 0.0010. The spectrum showed little change when the S-carotene was suspended in phospholipid vesicles. We failed to observe the triplet state spectrum of 8-carotene dissolved in numerous organic solvents (e.g., 2-methyltetrahydrofuran, hexane, EPA and cyclohexane).
We also recorded the triplet spectra and analyzed the effect of reduction and temperature for the carotenoidless mutant Rso. rubrum G-9, for~· viridi s, and for ~. pa 1 ustri s. Only the ~· pal ustri s showed an effect upon variation of these factors. These results and all of our experimental findings are summarized in Table 1 .
Discussion
The triplet state species that arises after illumination of cells on reaction center preparations from the carotenoidless mutants ~· sphaeroides R~26 or~· brum G-9 is known to be a bacteriochlorophyll dimer triplet state localized on the primary donor. This means that the triplet is either directly involved in or closely The fact that all preceding triplet state EPR investigations of~· sphaeroides wild type were carried out at temperatures below 10°K explains why the carotenoid triplet state was not reported until this time. This is not the case ( Table 1 ). The reaction center carotenoid lol value is significantly smaller than that of the antenna carotenoid, suggesting that environmental or conformational effects may be important in this analysis.
~-sphaeroides triplets show the same trend. More studies on the triplet states of carotenoids explaining the effects of conjugation and environment on the zero-field splitting parameters must be done before further discussion can be made.
The final system to be discussed is the triplet state of 8-carotene in micelles. Despite numerous attempts to view the triplet state in organic solvents by EPR, we were unable to detect the triplet state of S-carotene in these media. It is well known that the excitation of the triplet state of a-carotene via singlet-triplet intersystem crossing is not a highly favored process. 8 • 9 As previously mentioned most successful attempts to see the triplet state of 8-carotene have been through the use of triplet sensitizers in solution along with the S-carotene and using flash photolysis techniques. 
